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POISSON’S RATIO OF ARTICULAR CARTILAGE
SUBJECTED TO UNCONSTRAINED IMPACT LOADING IN
VITRO
L. Edelsten, J.E. Jeffrey, R.M. Aspden
University of Aberdeen, Aberdeen, United Kingdom
Purpose: Cartilage provides a low-friction bearing surface cov-
ering the bones in joints, enabling them to move freely. Trauma
to joints may damage this tissue and is a recognised cause of
secondary osteoarthritis (OA). The aim of this study was to un-
derstand how the tissue deforms at large strains and high rates
of loading by recording high-speed videos of cartilage samples
whilst being subjected to impact loads.
Methods: Full-depth cores of human articular cartilage were
taken from the femoral heads of two patients (both aged 85) un-
dergoing hemiarthroplasty for fractured neck of femur attributed
to osteoporosis. Nine, 5 mm diameter, cores were obtained from
the superior aspect of each femoral head. An instrumented drop
tower in which a mass of 500 g was dropped from a height of 25,
50 or 75 mm was used to apply a deﬁned impact to each artic-
ular cartilage sample. Stress-strain curves were plotted for each
sample and the maximum modulus calculated as the steepest
gradient of this curve. Six samples were tested at each drop
height; 3 from each patient. A Photo-Sonics Phantom V7 high
speed video system was used to record the deformation of the
cartilage during impact. Impacts were recorded at 10,000 frames
per second with a resolution of 512 × 384 pixels per frame. Axial
and radial deformations were calculated from each frame. For
comparison, axial deformations were also calculated from the
accelerometer on the impactor. Strains were found by dividing
the deformation by the original dimension and Poisson’s ratio
was calculated as the ratio of radial to axial strain.
Results: Maximum axial strains lay between 0.40 and 0.65 de-
pending on drop height and good agreement pertained between
imaging and accelerometer measurements. Corresponding ra-
dial strains lay between 0.2 and 0.6 resulting in maximum values
for Poisson’s ratio of up to about 1. Plotting Poisson’s ratio
against axial strain showed that it started close to zero and
increased non-linearly with increasing strain. The stress-strain
curve showed a large hysteresis loop and maximum values for
the modulus were found to be between 40 MPa for a 25 mm drop
height, and up to nearly 150 MPa for the largest drop height.
Conclusions: The tissue is about 100 times stiffer during an
impact than if loaded slowly. The Poisson’s ratio increased as the
tissue was deformed but always lay below the theoretical value
for a constant volume deformation, except near the maximum
strain when the two curves became close. No water was ever
seen to be ejected from the sample during testing, in agreement
with other studies that found no measurable weight loss following
testing. The large hysteresis and comparison of the stress-
strain curves with theoretical analyses of a non-linear viscoelastic
element show that the tissue remains viscoelastic at high strain-
rates. Cartilage does not become like a purely elastic material
as commonly assumed.
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CONSISTENCY OF WALKING PATTERNS IN ADULTS
WITH KNEE OSTEOARTHRITIS
D.M. Stiskal1, T.P. Stitik2, L. Schoenherr2, J.H. Kim2,
N. Shenoy2
1Seton Hall University, South Orange, NJ; 2University of
Medicine and Dentistry of New Jersey-New Jersey Medical
School, Newark, NJ
Purpose: Individuals diagnosed with knee osteoarthritis (OA)
often walk with altered gait patterns due to pain and/or stiffness
associated with changes in knee mechanics and lower extremity
function. The reduced walking speeds, cadence, and step lengths
commonly found in this population can vary from day to day. In
order to make inferences about alterations or improvements
in walking function, the dependability of measures must be
established. The purpose of this component of a larger study
was to determine the intra- and inter-session reliability of gait
patterns in adults with knee OA using a computerized gaitmat.
Methods: Twenty one subjects with symptomatic knee OA with a
mean age of 60 years (range 46-70) and a BMI < 35 completed
testing procedures at a physicians’ ofﬁce in a University Medical
School setting. Each subject attended a screening visit where
the diagnosis of knee OA was conﬁrmed and VAS scores after
a 50 foot walk test were recorded. If a subject was on regular
doses of analgesic medication, VAS range was required to be
between 30 mm and 90 mm. If not on regular doses of anal-
gesic medication, VAS range was required to be between 40 mm
and 90 mm. Next, all 21 subjects were evaluated with a stan-
dardized protocol for two visits 2 week apart. Fourteen subjects
returned for a third visit 2 weeks later. Subjects completed the
VAS version of the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) pain scale and then walked 24
feet at their self-selected speed for 5 trials over the GAITRite™;
a computerized mat which recorded velocity, cadence, and stride
length. Pain measurements recorded between the sessions were
analyzed with repeated measures ANOVA. Gait data from each
individual trial within a session as well as means of trials in a
session for each dependent gait variable were calculated using
intraclass correlation coefﬁcients (ICCs) [Model I ANOVA] to test
the consistency of measurements within a single session as well
as across sessions.
Results: Mean WOMAC pain scores increased slightly with
each subsequent testing session, although data was not signiﬁ-
cantly different from between sessions. Despite worsened pain,
subjects walked with minimally improved gait velocities and ca-
dences during the latter two testing sessions when compared
with the ﬁrst. No differences in step lengths across sessions
were found. ICC values for each gait parameter revealed high
to excellent correlation [range 0.860–0.994] for both the single
and average measurements taken within sessions and between
sessions. These data suggest that the small differences be-
tween sessions may reﬂect either the natural variability in subject
walking performance or a slight learning effect associated with
repeated testing, but do not appear to be inﬂuenced by minor
elevations in pain.
Conclusions: The consistency of the gait measurements ob-
tained within and between sessions is very acceptable. Data
obtained during the second and third sessions suggests a pos-
sible improvement can occur in scores compared to the scores
recorded during the initial testing. When using an instrumented
gait analysis approach, at least one repeated baseline measure
should be employed to account for variability of walking. How-
ever, a single testing session appears to provide consistent data
that might be adequate for evaluating the efﬁcacy of an interven-
tion strategy designed to improve walking patterns in individuals
with knee OA
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DYNAMIC WEDGING: A NOVEL METHOD FOR TREATING
KNEE OSTEOARTHRITIS. A 1-YEAR FOLLOW UP STUDY
Y. Bar-Ziv, Y. Beer, Y. Ran, S. Benedict, N. Halperin
Asaf Harofeh Medical Center, Zeriﬁn, Israel
Purpose: This report presents a follow up study conducted in
continuance to original double blind, randomized, prospective
study which assessed the effectiveness of a novel biomechan-
C84 Poster Presentations
ical device comprising of four individually calibrated elements
attached onto foot-worn platforms and capable of unloading
the diseased articular surface in knee osteoarthritis (OA) dur-
ing standing and walking, simultaneously training neuromuscular
control by controlled biomechanical perturbations.
The purpose of this study was to examine the effectiveness of
APOS system in reducing pain and improving function in knee
OA patients one year following the original study.
Methods: Patients: A Total of 37 patients out of 58 patients
from the original study volunteered to continue the follow-up for
additional 12 month (23 patients from the original study active
group and 14 patients from the original study control group, who
started active treatment at original study endpoint). Patients were
followed from October 2005 to January 2007.
Interventions: Patients continued the treatment with the de-
vice that had been individually calibrated to accommodate a
diminished-pain joint alignment.
The patients were assessed during the follow up study at 6
month and 12 month after the original study ended. Primary
outcome measures were the WOMAC index and the Aggregated
Locomotor Function (ALF) assessment.
Results: At 12 months, the active group maintained signiﬁcant
pain relief and improved function similar to the active group
results at the end of the original study which showed a decrease
of 3.68 on the WOMAC scale (P<0.001), representing a mean
improvement of 66.8%, and a decrease of 14 on the ALF scale
(P<0.001), representing a mean improvement of 37.4%.
Conclusions: The ﬁndings demonstrate that APOS system is ef-
fective and signiﬁcantly reduce pain and improve function among
knee OA patients.
Bone Biology
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SUBCHONDRAL BONE CHANGES AND CARTILAGE
DEGENERATION ARE DIFFERENTIALLY REGULATED;
COMPARISON OF TWO CANINE MODELS OF
OSTEOARTHRITIS
F. Intema1, Y. Sniekers2, S.A. Yocum3, A. Zuurmond4,
J. DeGroot3, S.C. Mastbergen1, H. Weinans2, F.P. Lafeber1
1Rheumatology & Clinical Immunology, University Medical
Center Utrecht, Utrecht, The Netherlands; 2Orthopedics,
Erasmus Medical Center, Rotterdam, The Netherlands; 3TNO
Quality of Life, Leiden, The Netherlands; 4Pﬁzer Inc PGRD, Ann
Arbor, MI
Purpose: In the present study peri-articular bone changes in
two experimentally induced canine models of osteoarthritis (OA)
are evaluated. Wheras the anterior cruciate ligament transaction
(ACLT) model depends on permanent joint instability to induce
features of OA, the Groove model depends on surgically applied
femoral cartilage damage accompanied by transient intermittent
intensiﬁed loading of the affected joint. Importantly, the tibial
plateau is surgically untouched. In both models degenerative
cartilage changes are progressive over time, very similar, and
mimic human features of OA. In the Groove model, in contrast to
the ACLT model, synovial inﬂammation is minimal and diminishes
over time. In both models cartilage degeneration has extensively
been studied by use of histochemistry and biochemical parame-
ters of proteoglycan turnover. In the present study the changes
in peri-articular bone in these two canine models of OA have
been evaluated using micro-CT.
Methods: 20 weeks post surgery (bilateral OA induction), tibial
plateaus were evaluated (n=6 animals for both models) and
compared to those of sham-operated dogs (n=6). The tibial
plateau was chosen because the tibial cartilage surface was
unaffected during surgery in the Groove model. Cartilage was
analyzed and architecture of subchondral plate and trabecular
(epiphysial) bone as well as of metaphysial bone was quantiﬁed
using micro-CT.
Results: Cartilage macroscopy, histology and biochemical anal-
ysis demonstrated the signiﬁcant characteristic features of os-
teoarthritis for both the ACLT and Groove model not statistically
signiﬁcantly different between both models. Trabecular bone vol-
ume fraction (BV/TV) decreased -6% for the Groove (ns) and
-31% (p<0.05) for the ACLT model and trabecular thickness
(TbTh) showed a decrease of -5% for the Groove (ns) and -25%
(p<0.05) for the ACLT model. Also structure model index (SMI)
and connectivity density (CD) showed an increase for the ACLT
model (p<0.05) but not in the Groove model (ns). In contrast to
the difference between both models for these trabecular param-
eters, the subchondral plate thickness reduced for both models
statistically signiﬁcantly (-27% and -46% for the Groove and ACLT
model; both p<0.05). Interestingly, in the ACLT model structural
changes in the subchondral trabecular bone were found to be
very similar in the methaphysis at a signiﬁcant distance from the
joint, suggesting disuse of the extremity due to the induction of
OA. This was not observed for the Groove model.
Conclusions: While osteoarthritic features in cartilage were
equal for the Groove and ACLT model as was the decrease
in subchondral plate thickness. Peri-articular trabecular bone
changes were statistically signiﬁcantly more outspoken in the
ACLT model and observed concomitantly with similar trabecular
bone changes further away from the joint suggesting unloading of
the affected joint. This demonstrates that the interaction between
cartilage and bone in the process of OA can be differentially
regulated, depending on the cause of OA (in this study the type
of model used), and that disuse induced bone changes should
be taken into account when evaluating OA related bone changes.
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MECHANICAL STRESS STRONGLY INDUCES
INTERLEUKIN-6 PRODUCTION BY OSTEOBLASTS:
A NEW IN VITRO 3D COMPRESSION MODEL
C. Sanchez1, O. Gabay2, C. Salvat2, Y. Henrotin1,
F. Berenbaum2
1University of Liège, Liège, Belgium; 2University Pierre et Marie
Curie, Paris, France
Purpose: To study mechanical stress on a new model of os-
teoblast compression in their own-produced collagen matrix
Methods: Primary calvaria osteoblasts were isolated from new
born mice and cultured for 28 days in monolayer. At the end
of this period, osteoblasts were embedded in their abundant
and newly synthesized collagen matrix. This collagen membrane
containing osteoblasts was then submitted to compression in Bio-
press Flexercell plates (6 to 10% compression at 1Hz frequency)
during 1 to 8 h. The expression of 20 genes was investigated
by real time RT-PCR. Interleukin (IL)-6, matrix metalloproteinase
(MMP)-3 and prostaglandin (PG)E2 were assayed in the culture
medium by immunoassays
